Titanium tetra-butoxide was reacted with dichloroacetic acid in 1 : 1 and 1 : 2 molar ratio in toluene at ambient temperature to give, respectively, the mono-and bis-substituted products Ti(OBu n ) 3 (OOCCHCl 2 ) and Ti(OBu n ) 2 (OOCCHCl 2 ) 2 (1) in quantitative yields. However, when a toluene solution of compound 1 was kept at −20 • C for crystallisation, colourless crystals of a hexanuclear complex Ti 6 (µ 2 -O) 2 (µ 3 -O) 2 (µ 2 -OC 4 H 9 ) 2 (OC 4 H 9 ) 6 (OOCCHCl 2 ) 8 (2) were obtained. The basic skeletal arrangement of compound 2, as revealed by X-ray diffraction, can be described as corner-removed, inversion-related [Ti-O] 4 cubes with face-linked oxide bridges.
Introduction
Although TiO 2 has a rather large band gap (3.2 eV), it is an attractive material for many technological fields like photoluminescence, solar energy conversion, photocatalysis etc. because it is cheap, nontoxic and highly insoluble in water. Titanium alkoxides have been the chief precursors in the sol-gel process for producing titania materials. Unfortunately, due to the fast kinetics of the hydrolysis and condensation reactions, relatively little information is available concerning progressive structural evolution in transition metal oxide systems in general [1 -3] . Klemperer and coworkers [4, 5] have extended the concept of the molecular building block approach from silica to titania. The metal oxide core of low-nuclearity titanium oxo-alkoxides such as Ti 7 O 4 (OC 2 H 5 ) 20 was found to be too kinetically labile, while that of the high-nuclearity Ti 16 O 16 (OC 2 H 5 ) 32 is sufficiently inert to serve as a building block for the sol-gel processing of new forms of titania. Carboxylic acids, especially acetic acid, have been most extensively used to generate new molecular precursors by reacting then with Ti(OR) 4 , and compounds with metal oxygen cores having different skeletal arrangements 0932-0776 / 10 / 0200-0147 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com have been isolated. The generation of oxo ligands in these compounds was accompanied with either ester or ether elimination reactions. For example, reactions of Ti(OR) 4 with n HOOCCH 3 have generated compounds of the general formula Ti 6 O 4 (OOCCH 3 ) 4n (OR) 16 −4n (R = C 2 H 5 , n = 2 [6] , R = Pr i , n = 1 [7] , n = 2 [8] , R = C 4 H 9 , n = 2 [9] ) out of ester elimination reactions. Notably all these reactions were performed as "neat" reactions (no solvents). Even when the steric bulk of the alkoxide and/or carboxylic acid was increased, the same core [10] was obtained. Boyle et al. [11] have recently reported the products Ti 4 (µ 4 4 (OPr i ) 6 and Ti 6 (µ 3 -O) 6 (µ-OOCH) 6 (µ-OPr i ) 4 (OPr i ) 6 which were obtained in a medium with a small amount of solvent. Another product of the composition Ti 6 (µ 3 -O) 6 (µ-OOCC 6 H 4 OPh) 6 (OEt) 6 has also been reported [12] which was produced in refluxing toluene out of the ester elimination pathway. Very recently, similar Xray structures of mono-, di-, tetra-, and hexa-nuclear complexes of Ti IV have been published [13] . The generation of oxo ligands in all the above products has been attributed to ester elimination which is facilitated under these conditions. Fehlner and coworkers have reported [10] 9 ]} 4 by the reactions of titanium alkoxides with the cluster-substituted acid (CO) 9 Co 3 (µ 3 -C)(COOH) in sufficient amounts of solvents at ambient temperature. In these products an oxo group was found to be generated out of elimination of ether molecules. We have also reported the synthesis and structure of isopropoxy carboxylate clusters [14] of Ti IV and a hexanuclear Gd III compound [15] Gd 6 (µ 3 -OH) 6 (acac) 12 ·1.25 CHCl 3 which were formed by elimination of ether molecules from the corresponding alkoxy compounds. We present here the synthesis and single-crystal X-ray structure determination of a hexanuclear Ti IV compound Ti 6 (µ 2 -O) 2 (µ 3 -O) 2 (µ 2 -OC 4 H 9 ) 2 (OC 4 H 9 ) 6 (OOCCHCl 2 ) 8 showing interesting structural features.
Results and Discussion
Titanium tetra-butoxide was reacted with dichloroacetic acid in 1 : 1 molar ratio at ambient temperature in toluene, and the reaction mixture was stirred for eight hours. After evaporation of the solvent, a light-orange viscous liquid with analytically and spectroscopically confirmed composition Ti(OC 4 H 9 ) 3 -(OOCCHCl 2 ) was obtained in quantitative yield. In order to obtain the bis-substituted product, another reaction of Ti(OC 4 H 9 ) 4 was carried out with dichloroacetic acid in 1 : 2 molar ratio under the same conditions. After removal of the solvent under vacuum a light-yellow powder corresponding analytically to Ti(OC 4 H 9 ) 2 (OOCCHCl 2 ) 2 (1) was obtained. Compound 1 was re-dissolved in toluene and left for crystallization at −30 • C to give colourless crystals (67 % yield) after 48 h.
One of the crystals was proven to be Ti 6 (µ 2 -O) 2 (µ 3 -O) 2 (µ 2 -OC 4 H 9 ) 2 (OC 4 H 9 ) 6 (OOCCHCl 2 ) 8 (2) by X-ray analysis. The formation of the product 2 can be schematised by the following reactions:
The formation of product 2 out of an ester elimination reaction has been proven by the examination of the IR spectrum of the volatiles of the solution, from which it was obtained. In the ambient-temperature 1 H NMR spectrum of 2 the characteristic peaks corresponding to both butoxy and dichloroacetate groups are visible and indicate that these groups are present in different environments. It is noteworthy that in all of the above mentioned titanium complexes [6 -13] , wherein the presence of oxo ligands is an outcome of ester elimination, have been made either with neat reactants, very small amounts of solvents, or in refluxing solvents, in single-step reactions. However, in the present work we have first isolated a bis-substituted product 1 which upon aging in a sufficient amount of solvent has led to the formation of the complex 2. Compound 2 also possesses a Ti 6 O 4 core which has been previously reported with other carboxylic acids [6 -9] which are fairly less acidic than dichloroacetic acid used in the present work. This points towards the extra stability possessed by the Ti 6 O 4 core as an important structural building block, e. g. in the sol-gel polymerisation. It is encountered irrespective of the steric bulk of the alkoxide and/or carboxylic acid, as well as of the acidity of the carboxylic acid and the reaction conditions.
Crystal structure
Compound 2 crystallises in the triclinic space group P1 with Z = 1. The molecular structure ( Fig. 1) consists of a hexanuclear unit of the formula Ti 6 O 4 (OC 4 H 9 ) 8 (OOCCHCl 2 ) 8 . Each molecule possesses crystallographic inversion symmetry in the crystal and contains six titanium atoms each being hexa-coordinated. In the structure of this hexanuclear complex, there are two Ti 2 O 10 units (made by two edge-sharing octahedra) linked to two corner-sharing Fig. 1 . ORTEP representation of the molecular structure of 2 in the crystal (displacement ellipsoids at the 50 % probability level; hydrogen atoms omitted for clarity). (9) octahedra with the help of four bridging oxygen atoms: two triply bridging (µ 3 -oxo) O13 and O * 13 and two doubly bridging O10 and O * 10. In the structure all the dichloroacetate groups are bridging bidendately while the butoxy groups are of two types. Out of the eight butoxy groups six are present at terminal positions and two (O8 and O * 8) are occupying bridging positions. Although all six titanium atoms are bonded to triply bridging oxygen atoms, they have non-equivalent environments. Ti1 is attached to two oxygen atoms of terminal butoxy groups, one oxygen atom of the bridging butoxy group shared with Ti2 and two oxygen atoms in cis positions of the bridging acetate groups. Ti2 is connected to one oxygen atom of the bridging butoxy group (shared with Ti1), three oxygen atoms of the dichloroacetate groups at equatorial positions, and one µ 2 -oxo ligand, while Ti3 has three oxygen atoms of the acetate groups in facial positions, one oxygen atom of the terminal butoxy group, and one doubly bridging oxygen atom (with Ti2). The important bond lengths and angles for complex 2 are listed in Tables   1 and 2, [14] .
Experimental Section
All reactions were carried out under stringently anhydrous conditions using glove box and Schlenk techniques under dry argon. Ti(OBu n ) 4 (Aldrich Chemicals) was used as supplied for carrying out the reactions. Toluene and CDCl 3 were dried by standard procedures. A Jasco FT-IR-5300 spectrometer was used for recording the infrared spectra of the compounds as Nujol mulls between NaCl plates. 1 H NMR spectra were recorded in CDCl 3 on a Bruker Biospin ARX 300 spectrometer with tetramethylsilane as internal reference. Titanium was gravimetrically determined as TiO 2 . 
Syntheses

Synthesis of Ti(OC
Synthesis of Ti(OC 4 H 9 ) 2 (OOCCHCl 2 ) 2 (1)
A solution of CHCl 2 COOH (0.924 g, 10.14 mmol) in toluene (30 mL) was added dropwise to a stirred solution 
Crystal structure determination and refinement of 2
A single crystal suitable for X-ray crystallography was selected under a polarisation microscope, mounted on the tip of a glass fiber, and investigated on a Nonius Kappa CCD diffractometer using MoK α radiation (graded multilayer X-ray optics). Crystal data for compound 2 are given in Table 3 . The measurement temperature was 200 K. The structure was solved by Direct Methods with the programme SIR97 [16] and refined by full-matrix least-squares calculations [17] on F 2 (SHELXL-97). Anisotropic displacement parameters were refined for all non-hydrogen atoms with the exception of atoms described by split models because of disorder (all together ten C atoms as part of n-butoxy groups (C8, C9, C13-C16 and C21-C24) and the less occupied site of a disordered Cl atom (Cl7)). The hydrogen atoms were positioned geometrically and treated as riding on their parent atoms.
CCDC 700833 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
